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ABSTRACT: Both reactive MgO and CaO are alternative activators for ground granulated blast 
furnace slag (GGBS). In this study natural dolomite, as a source of MgO and CaO, was calcined at 
800°C (D800) and 1000°C (D1000) under air. The activation of GGBS with the calcined dolomites 
was investigated using compressive tests, pH measurement of pore solutions, powder X-ray 
diffraction (XRD) and thermogravimetric analysis (TGA). The results indicated that both calcined 
dolomites can effectively activate GGBS. D800 showed a relatively slower acceleration to GGBS 
than D1000 and both were slower than CaO. The use of D800 produced similar compressive 
strengths as did D1000 after 7 days curing but lower strengths at later ages. By increasing the 
dosage of activators, significantly higher strengths were obtained using D800 while only small 
increases were observed using D1000. The detected hydration products by XRD and TGA were 
mainly C-S-H and hydrotalcite-like phases, similar to those from other alkali-activated slags. The 
comparison to other activators indicated that using calcined dolomite can induce faster hydration 
of slag than using reactive MgO in the early age while slower than Portland cement in this study. 
Key words: Alkali-activated slag; Dolomite; Calcination; Hydration 
1. Introduction 
The pursuit of more sustainable and environmental friendly construction materials to reduce 
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the use of ordinary Portland cement (OPC), which is associated with high energy consumption and 
global greenhouse gas emission [1,2], has lasted for decades. By re-using industrial by-product blast 
furnace slag, alkali-activated slag (AAS) is one of the most promising precursors in large scale 
production and shows a huge potential to replace OPC [3], although still faces hurdles. Extensive 
studies have suggested that the advantages of AAS include the development of earlier and higher 
mechanical strengths [4–6], better resistance of chemical attack [7–9], stronger aggregate-matrix 
interface formation [10,11], and lower heat of hydration [12,13]. 
The most commonly used alkali activators for AAS are sodium hydroxide, sodium silicate, 
sodium carbonate and potassium hydroxide [14]. It is generally agreed that the mixture of sodium 
hydroxide with sodium silicate is the most effective activator and provides the best formulation for 
high strength and other advantageous properties. However, most of these activators do not exist 
naturally and require energy intensive manufacturing processes [12,14], making them less 
economical efficiency. In addition, some issues such as the fast setting time, the high drying 
shrinkage, the highly corrosive nature of alkali solution, the viscosity of alkali solution and the heat 
released by the dissolution of the alkali compounds, especially alkali hydroxide, during preparation 
of the solutions should be carefully considered when using these activators [3,4,15–17]. These 
problems have led researchers to pursue alternative effective activators or additives. Among others, 
calcium hydroxide [Ca(OH)2] and calcium oxide (CaO) are potential alternatives to alkali activators, 
either as additives or main activators, due to their lower cost and durability enhancement [12,14,18]. 
It has been reported  that Ca(OH)2, as an additive, can increase the early strength (<7 days) of AAS 
whilst later strength might be slightly reduced [19]. Collins and Sanjayan [5] found that AAS 
concrete activated by a combination of sodium silicate and Ca(OH)2 demonstrated considerably 
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better workability and higher strength than concrete activated by a NaOH and Na2CO3 mixture. 
When Ca(OH)2 is used as a main activator, with different auxiliary activators (Na2SO4 and Na2CO3), 
the activated slag concrete displays enhanced workability, delayed setting time and a similar 
increasing rate of compressive strength to PC concrete [20]. The comparison between the effect of 
CaO and Ca(OH)2 in activating slag revealed that the use of CaO demonstrated a superior potential 
for the activation of GGBS and produced a higher mechanical strength than Ca(OH)2 [18].  
More recently, some investigations have indicated that reactive magnesium oxide (MgO) 
could also serve as an effective activator for GGBS, showing its advantages in the generation of 
more voluminous hydration products than C-S-H gel therefore providing a more compacted 
microstructure [21–24]. The results by Yi et al. [24] showed that the reactive MgO activated GGBS 
achieved higher 28-day compressive strength than that of the equivalent Ca(OH)2-GGBS system 
due to the larger content of the voluminous hydrotalcite-like phases formed. The reason my be the 
better pore filling effect of hydrotalcite-like phases. Considering the slow hydration in the early age 
of reactive MgO activated slag and the limited global MgO production, the properties of slag pastes 
activated with MgO-CaO mixtures with various MgO to CaO ratios by weight were investigated by 
Gu [25]. That study found that the use of a small amount of CaO (MgO/CaO=19/1 by weight) could 
significantly accelerate the early hydration of MgO-slag without sacrificing the long-term strength. 
In addition, when the MgO/CaO ratio was ≤1 by weight, only a small difference in compressive 
strengths of pastes was observed. 
Dolomite is a naturally occurring  mineral with abundant reserves around the world (i.e. 
North America, northwestern and southern Europe, north and west Africa, the Middle East, and the 
Far East [26]). In China, dolomite reservoirs in Liaoning, Neimenggu, Shanxi, Jiangsu, Fujian, 
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Hunan, Hubei and Guangxi were found, with reserves over 4 billion tons [27]. The thermal 
decomposition of dolomite includes two stages [28–30]:  
   Stage 1 
      Stage 2 
where the second stage usually takes place at higher temperature. Calcined dolomite may therefore 
consist of MgO, CaO, CaCO3 and possibly MgCO3 and their proportions would vary depending on 
the calcination temperature. Nevertheless, calcined dolomite can be considered as a potential source 
of MgO-CaO blends as activators for slags. 
The objective of this paper is to explore the use of calcined dolomite in the activation of GGBS. 
Two calcined dolomite samples produced under different temperatures were investigated. The 
performance of the different calcined dolomite activated slag pastes were then compared using 
compressive tests, pH measurement of pore solutions, powder X-ray diffraction (XRD) and 
thermogravimetric analysis (TGA). In addition, CaO activated slag paste was prepared as a 
reference. 
2. Materials and methods 
2.1 Materials 
The chemical compositions and physical properties of the GGBS (from Hanson, UK) and CaO 
(from Tarmac and Buxton Lime and Cement, UK) are summarised in Table 1. The dolomite 
[CaMg(CO3)2] (DRB20) was supplied by IMERYS, UK and its elemental compositions determined 
after acid dissolution with 1 mol/L HNO3 by inductively coupled plasma optical emission 
spectroscopy (ICP-OES, Perkin Elmar 7000) in triplicate, are also shown in Table 1. The Ca to Mg 
molar ratio of the dolomite is 1.07. For calcination, approximately 50 g of raw dolomite was placed 
in individual ceramic crucibles and heated in air to 800°C or 1000°C in an electric furnace. The 
3 2 3 2( )CaMg CO CaCO MgO CO  
3 2CaCO CaO CO 
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highest temperature was maintained for 1 h and then left to cool to room temperature. Two calcined 
products were obtained, namely D800 and D1000, referring to the products calcined at 800°C and 
1000°C respectively, which were then stored in air tight plastic bags.  
Table.1 Chemical compositions and physical properties of materials (from suppliers’ datasheet AND * using 
ICP-OES) 
 
GGBS CaO Dolomite(SD)* 
Chemical composition 
   
SiO2 37.0  0.9 0.037 (0.00) 
Al2O3 13.0  0.13 0.001 (0.00) 
CaO 40.0  94.0  33.7 (0.17) 
MgO 8.0  0.5 18.9 (0.14) 
K2O 0.6  - 0.011 (0.00) 
Na2O 0.3  - 0.016 (0.00) 
SO3 1.0  0.06 NM 
Fe2O3 - 0.08 0.006 (0.00) 
CaCO3 - 3.7 - 
CO2 - - 47.3 (0.28) 
LOI - 2.2 - 
 
   
Physical properties 
   
Specific surface area(m2/g) 0.49 - 1.70  
Bulk density(kg/m3) 1050 1020 900 
NM-Not Measured 
 
The calcined dolomite (D800 and D1000), as well as the raw dolomite, were characterised by 
XRD and TGA. The XRD patterns were collected using a Siemens D5000 X-ray diffractometer 
with a scanning range between 5° and 55° 2θ. The scanning speed of 1 s/step and resolution of 
0.05°/step were applied. The TG measurements were carried out using a Perkin Elmer STA 6000 
machine by heating the samples from 40°C to 1000°C at the rate of 10 °C/min. The XRD and TGA 
results are shown in Fig.1 and Fig.2, respectively. 
The XRD pattern of the raw dolomite reveals that it also contained CaCO3 (Fig.1) and is 
consistent with the Ca to Mg molar ratio being >1 as indicated by ICP-OES analysis (Table 1). The 
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TG curve of the raw dolomite indicates that its decarbonation process started at ~600°C and 
terminated at ~850°C. It should be noted that this temperature range of decomposition could be 
lower in comparison to that using a furnace due to the small amount of sample for the TGA test. The 
decarbonation of dolomite is usually divided into two stages, but only one board peak is observed in 
the TG curve. Both XRD patterns and TG curves change significantly when the calcination 
temperature increases from 800°C to 1000°C. Based on the weight loss measured by TGA, D1000 
is estimated to contain 35.8% MgO, 54.6% CaO and 9.6% CaCO3 [Ca(OH)2 is converted into CaO] 
while the composition of the D800 was difficult to determine because of the unknown fraction of 
undecomposed dolomite and the overlap of decomposition reactions. It was measured that the 
dolomite weight after calcination was approximately 72.3% of the initial weight when producing 
D800. The low intensities of dolomite peaks in D800 XRD pattern were attributed to the high 
relative intensity of calcite peak at 29.5°. The presence of Ca(OH)2, which was also confirmed by 
the weight loss between 350°C and 400°C (Fig.2), was caused by the ready hydroxylation of CaO 
upon combining with moisture from ambient air [31].  
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Fig.1 XRD patterns of the raw dolomite, D800 and D1000 
 
Fig.2 TG curves of the raw dolomite, D800 and D1000 
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2.2 Experimental methods 
The content of the calcined dolomite in the test mixes was 10%, 12% and 15% and the control 
sample contained 10% CaO by weight. The dry materials were homogeneously mixed and 
deionised water was then added to obtain a 0.38 water/binder ratio. Paste samples were prepared 
using cube moulds, 40×40×40 mm, and covered with cling film to prevent water loss. After 24h, the 
samples were demoulded and stored in deionised water at the same temperature of 20±1°C. The 
nomenclature and compositions of the test pastes are presented in Table 2. 
Table.2 Mix compositions of GGBS pastes 
Nomenclature GGBS (%) 
Activator (%) water/binder 
ratio D800 D1000 CaO 
D800-10 90 10 - - 0.38 
D800-12 88 12 - - 0.38 
D800-15 85 15 - - 0.38 
D1000-10 90 - 10 - 0.38 
D1000-12 88 - 12 - 0.38 
D1000-15 85 - 15 - 0.38 
C10 90 - - 10 0.38 
 
The unconfined compressive strengths (UCS) were determined on triplicate paste cubes at 7, 
28, 60, 90, 120 and 150 days at a constant load rate of 2400 N/sec. After the compression tests, the 
fractured paste samples were ground below 425 μm and fully mixed with deionised water at a liquid 
to solid ratio of 1 ml/g in airtight containers according to [32], which reported this method best 
simulates the pH of the pore solution. Pore solution pH readings were taken after 24 h using a 
Eutech 520 pH meter with an accuracy of 0.01 in duplicate and the average values are presented 
here. Hydration was arrested by immersing the samples in excess acetone and further dried by 
vacuum and oven. Some fractured pastes were finely ground below 75 μm for XRD and TGA, using 
the same equipment and parameters as stated in Section 2.1.  
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3. Results 
3.1 Development of compressive strength 
Fig.3 presents the compressive strength of the pastes up to 150 days. The use of D800 activator 
(10%) resulted in an ~11.5 MPa 7-day compressive strength, which was almost the same as that of 
the D1000 activated slag (~12.0 MPa) and was much lower than that of the control sample (~20.0 
MPa). After 28 days, the D800 activated samples showed a significant increase in compressive 
strength and achieved ~25.9 MPa after 150 days of hydration, with the increase of strength became 
moderate after 120 days. The D1000 activator resulted in higher strengths than D800 at each age 
after 28 days and showed a final 150 days compressive strength of ~30.7 MPa. 
In general, by increasing the dosage of D800 and D1000, higher compressive strengths were 
obtained. But the effect of activator dosage on the long term compressive strength was much more 
significant using D800 than using D1000. D800-15 showed 23.6% and 13.5% higher strength than 
D800-10 after 60 and 150 days, respectively, while only 2.9% and 7.4% higher strength was gained 
by increasing D1000 from 10% to 15% after the same time. This insignificant effect of D1000 on 
strength was more obvious when the dosage was higher than 12%. D1000-15 showed 
approximately the same strength as D1000-12 at each age. 
In comparison to the control sample C10, D800-10 and D1000-10 showed lower compressive 
strength. After 7 days, the strength of D800-10 and D1000-10 was approximately 57.3% and 60.0% 
of C10, respectively, while these values increased to 69.1% and 86.5% after 90 days.  
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Fig.3 Unconfined compressive strength of activated GGBS pastes 
 
3.2 pH of pore solution 
According to the results of pH measurements given in Table 3, an average pH ~12.2 was 
obtained in the pastes using D800 in the early age (7 days) while in the pastes using D1000 pH 
averaged ~12.4. The control CaO sample induced the highest pH value (i.e. 12.6) at 7 days. In 
general, with the development of hydration reactions, the pH increased after 28 days, and D1000 
gave still higher pH than D800. By increasing the dosage of activators, there were no clear 
changes in the pH, especially after 60 days, which was approximately 12.6 using D800 and 12.9 
using D1000. For the control sample, pH was stable at 12.5-12.6 after 28 days and longer.  
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Table.3 pH of pore solution of activated GGBS 
Age D800-10 D800-12 D800-15 D1000-10 D1000-12 D1000-15 C10 
7d 12.3  12.2  12.2  12.5  12.3  12.4  12.6  
28d 12.1  12.6  12.7  12.4  12.9  12.9  12.5  
60d 12.7  12.6  12.7  13.0  12.9  13.0  - 
90d 12.7  12.4  12.5  13.0  12.9  12.8  12.6  
 
3.3 Chemically bound water 
By measuring the chemically bound water (CBW) content using TGA, the hydration degree of 
the slag can be estimated [33–35]. To obtain the bound water content, other research measured the 
weight loss of sample up to 650°C or higher [34,36–38]. In this study, the weight loss was 
determined up to 550°C because CaCO3 decomposed at higher temperatures as characterised by 
TGA (discussed in Section 3.4). According to the measured content presented in Table 4, the nature 
of the activator was found to be a determining factor in weight loss within this temperature range. At 
a given dosage, D800 activated GGBS much more slowly (therefore lower hydration degree) than 
D1000, after each hydration period. The CBW amount was observed to be higher by increasing the 
dosage of the activators and the hydration period. The comparison between calcined dolomite 
activated slag and C10 revealed that both calcined dolomite activated GGBS more slowly than the 
CaO control sample.  
Table.4 Chemically bound water content measured by TGA (weight loss over ignited weight of sample, %) 
Age D800-10 D800-12 D800-15 D1000-10 D1000-12 D1000-15 C10 
7d 4.8 5.2 5.6 6.5 6.9 7.8 7.5 
28d 5.3 6.5 6.6 7.9 8.3 9.3 8.6 
90d 6.5 6.8 7.4 8.6 8.9 9.5 9.3 
 
3.4 X-ray diffraction and thermogravimetric analysis 
XRD patterns of selected samples (Fig.4) reveal the presence of C-S-H and hydrotalcite-like 
phases for all samples, correlating well with other works on individual MgO or CaO activated 
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GGBS [18,24,25]. A small amount of ettringite was also formed in all samples due to the presence 
of sulphate in the slag. Highly intense characteristic peak of CaCO3 at ~29.5° (overlap with C-S-H) 
was detected in the D800 activated slag due to the high content of CaCO3 in the activator. Since a 
very small amount of CaCO3 was detected by TGA in D1000 itself (Fig.2), the peaks of CaCO3 in 
the D1000 activated slag were mainly ascribed to the carbonation of hydration products, such as 
Ca(OH)2, which was also observed in the XRD patterns of D1000 activated GGBS. By contrast, no 
obvious Ca(OH)2 peaks were characterised in the D800 activated slag samples, probably due to 
complete consumption during the hydration. Moreover, increasing dosage of both activators did not 
induce new mineral patterns. 
Both C-S-H (main weight loss between 80°C and 250°C) and hydrotalcite-like phases (weight 
loss at ~200°C and between 360°C and 440°C) were detected by TGA in all pastes (Fig.5 and Fig.6). 
The weight loss after 600°C was due essentially to decarbonation of CaCO3 from the raw materials 
and/or the carbonated hydration products during curing. Decomposition of Ca(OH)2 was identified 
at ~450°C, shown in Fig.6, consisting well with the XRD patterns (Fig.4).  
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Fig.4 Comparison of the XRD patterns of selected samples after 28 days 
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Fig.5 TG curves of D800-GGBS pastes after 28 days 
 
Fig.6 TG curves of D1000-GGBS pastes after 28 days 
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4. Discussion 
The compressive strength result showed that both D800 and D1000 activated slag had lower 
strength than CaO, up to 90 days (Fig.3). In order to recongnise the efficiency of slag activation by 
using calcined dolomite, the comparison of compressive strength of calcined dolomite activated 
slag to reactive MgO or Portland cement (PC) activated slag was also made (Fig.7). A reactive MgO 
and CEM I 52.5N PC were used. The chemical composition and physical properties of MgO and PC 
powders are given in Table 5. The reactivity of MgO is 100 s determined by the acetic acid test 
according to Shand [39] and is categorised as a medium reactive MgO. The preparation method of 
MgO or PC activated slag samples was exactly the same as mentioned in Section 2.2. The dosage of 
activator and water to binder ratio was also 10% and 0.38, respectively.  
 
Fig.7 Strengths of activated slag by using different activators. Activator dosage controlled at 10%, w/b ratio 
controlled at 0.38 and all samples cured in water. 
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Table.5 Chemical compositions and physical property of reactive MgO and PC (from suppliers’ datasheet) 
  MgO PC 
Chemical composition 
  
SiO2 0.9 19.47 
Al2O3 0.22 4.75 
CaO 0.9 63.16 
MgO 93.4 1.43 
K2O - 0.62 
Na2O - 0.28 
SO3 - 2.68 
Fe2O3 0.5 3.43 
Cl - 0.0094 
LOI - 3.26 
   Specific surface area(m
2
/g) 9.00  0.40  
 
Fig. 7 reveals that calcined dolomite activated slag has much better mechanical performance 
than MgO activated slag in the early age but lower strengths after 90 days. The compressive strength 
of D800-10 and D1000-10 is about 284% and 297% strength of MgO activated slag, respectively, 
after 7 days. After 28 days, the strength of D800-10 is very close to MgO activated slag while 
D1000-10 is also only 117.8% of MgO activated slag. After 90 days, however, the strength of 
calcined dolomite activated slag is observed to be lower than MgO alone activated slag. It has been 
found that, although reactive MgO showed a slow acceleration of slag in the early age, it can induce 
much better mechanical performance of slag pastes after 28 days and longer, due to the formation of 
voluminous hydrotcalcite-like phases [24,25]. Nevertheless, it is reasonable to conclude that, to 
substitute calcined dolomite for MgO can greatly accelerate the hydration process in the early age, 
although not necessarily induce better mechanical performance in the later ages. 
In case of the activator PC, calcined dolomite activated samples also have lower strength than 
PC activated slag up to 28 days. In fact, PC induces the highest strength among all other activators. 
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It can be demonstrated by the type of PC (i.e. CEM I 52.5N), which is often used where there is a 
requirement of early strength.  
It should be noted that the nature of MgO (i.e. reactivity, fineness), which depends on the 
manufacturing process, has significant impact on the strength of activated slag according to the 
literature [40]. Similarly, the strengths of PC activated slag also vary with the type of PC used. 
Therefore, in case of evaluating the activation efficiency of calcined dolomite, the comparison to 
other activators shown in Fig.7 should be reserved . 
It has been found that, in the early age, the addition of CaO can effectively accelerate the 
hydration of MgO-GGBS blends, therefore giving higher compressive strengths than slag pastes 
activated by MgO alone[25]. In addition, the paste strength was in positive correlation with the 
CaO/MgO weight ratio, although this correlation become less apparent when CaO/MgO was higher 
than 1 [25]. Based on the composition analysis of D800 and D1000, it can be deduced that D800 has 
lower amount of CaO and with a CaO/MgO＜1 by weight while D1000 has more CaO and with 
CaO/MgO≈1.5 by weight. However, the D800 activated samples revealed similar strengths to the 
D1000 activated ones. The reasons can be demonstrated by the reactivity of MgO and the role 
played by CaCO3. Owing to the lower calcination temperature, the MgO in D800, which was of 
higher reactivity [30,39], can produce higher early age compressive strengths. Jin et al. [23] 
investigated the hydration of different MgO activated GGBS pastes and concluded that reactive 
MgO with higher reactivity resulted in higher early strength. The amount of chemically bound water 
given in Table 4, however, indicates that the extent of hydration of the D800 activated slags was still 
lower than that of the D1000 activated samples, suggesting the considerable amount of CaCO3 in 
D800 sample may also contribute to the early strength of pastes. Previous studies on the role of 
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limestone in accelerating strengths of slag cement have indicated that CaCO3 powder can improve 
the early compressive strength and tighten pore structure at early age [19,41]. Therefore the pastes 
in this study showed higher strengths in spite of the lower degree of hydration.  
Fig.8 illustrates the relation of CBW amount and the compressive strengths up to 90 days, 
regardless of the dosage of D800 or D1000 used. Pore filling effect of CaCO3 from calcined 
dolomite was obvious up to 90 days because with the same amount of CBW, the samples activated 
by D800 showed higher strengths than those by D1000. On the other hand, when the dosage of 
calcined dolomite was given, D1000 always produced larger amounts of hydration products (mainly 
C-S-H gel and hydrotalcite-like phases) (Table 4, Fig.5 and Fig.6) after 28 days and longer, which 
explains the higher compressive strengths.  
 
Fig.8 Relation of the chemically bound water content and the compressive strength 
If the raw dolomite completely decomposed, MgO would account for 35.8% by weight of 
calcined products, according to the compositions of dolomite given in Table 1. In this case, 10% 
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D800 in samples contained less than 3.6% MgO while 15% D800 in samples contained less than 
5.4% MgO by weight, owing to incomplete decomposition. As a consequence, by increasing the 
dosage of D800 to 15%, an apparent strength enhancement was observed since the suggested 
optimum content of individual MgO in the blends was ~10% according to Yi et al. [24]. However, 
arbitrarily increasing the dosage should not be encouraged because negative effects of limestone on 
mechanical properties or durability of Portland cement starts to be observed when the amount of 
limestone per mass of cement exceeds 10-15% [42]. The inconspicuous increase in compressive 
strength after increasing the dosage of D1000 could be attributed to the effect of Ca(OH)2 in the late 
ages, although the MgO content in D1000 was closer to the optimum. It has been reported that 
although Ca(OH)2 increased early age compressive strength, it slightly decreased the later age 
strengths in many cases [5,19,43].  
Prior research has indicated that pH has a significant effect on the hydration process of 
activated slag systems and also the nature of the products generated [19,44,45]. Higher pH 
environments usually induce better slag activation and higher mechanical strength [19,44,46]. In 
addition, the pH should be ≥11.5 in order to effectively activate the hydration of slag [45]. As 
indicated in Table 3, the pH values of the D800 activated slag (12.1-12.7) and the D1000 activated 
slag (12.2-13.0) suggest that both the calcined dolomites used in this study could effectively 
activate the slag. In comparison to D800, the higher pH of D1000 resulted in a higher slag 
activation at each age, as indicated by the higher chemically bound water content in Table 4. 
However, it was observed that C10 did not show high pH at later ages but still had higher extent of 
hydration. This can be explained by the higher pH (i.e. 12.6) in the early age therefore a larger 
amount of slag could have reacted, hence higher extent of reaction. It should be noted that the 
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maintenance of pH depends on the amount of Ca(OH)2 accessible to the pore solution, rather than 
its amount in the sample [47]. In this case, the small difference in pH values of samples using 
different dosages of activators after 60 days could be illustrated by a similar amount of accessible 
Ca(OH)2 in these samples. On the other hand, the relatively lower pH of C10 after 28 days 
suggests a larger content of accessible Ca(OH)2 in the sample than the calcined dolomite activated 
samples. The equilibrium pH of Ca(OH)2 is approximate 12.5-12.6 and the continuous release of 
Ca
2+
 ion could maintain the pH at this level, even though the sample might suffer from minor 
carbonation during curing [44,48], which could induce a slight decrease in pH by consuming Ca
2+
 
and OH
-
 ions. In case of D800-12, D800-15 and D1000-15, carbonation appeared to cause a 
decrease of pH after 90 days. 
Based on the results presented in this paper, it is shown that GGBS activated by dolomite 
calcined at higher temperature (with complete decomposition) exhibited slightly higher strength 
and higher extent of hydration than GGBS activated by dolomite calcined at lower temperature 
(incomplete decomposition). On the other hand, the incomplete decomposition of dolomite at lower 
calcination temperature is associated with lower energy consumption and lower CO2 emission, 
which makes it more economical and environmentally friendly. The relatively lower strength could 
be remedied by appropriately increasing the dosage. The durability issues of calcined dolomite 
activated slags are of great importance for its future application. Among others, the resistance of 
calcined dolomite activated slags to chemical attacks, such as sulphate and acid attack, and 
carbonation will be presented elsewhere. 
5. Conclusions 
Natural dolomite was calcined at 800 and 1000°C under air, and was investigated as a potential 
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activator for GGBS. Based on the results obtained by a range of tests, the following conclusions can 
be drawn.  
1. D800 and D1000 were characterised using XRD and TGA. For D800, only 72.3% of the 
natural dolomite was decomposed, while D1000 consisted of 35.8% MgO, 54.6% CaO and 9.6% 
CaCO3. The newly generated CaO was readily hydrated in ambient air, whilst MgO was relatively 
stable for both calcined dolomite samples.  
2. Both calcined dolomites in this study can effectively activated slag. The strengths of 
calcined dolomite activated slag were lower than CaO alone activated slag, at the dosage of 10%. 
To substitute calcined dolomite for MgO can greatly increase the strength of activated slag in the 
early age, although not necessarily induce better mechanical performance in the later ages. In 
addition, calcined dolomites activated slag samples have lower strengths than PC (CEM I 52.5N) 
activated slag in this study. 
3. The extent of hydration was determined by TG analysis. At a given dosage, D1000 induced 
higher slag hydration degrees than D800 at each curing age. Both D800 and D1000 showed slower 
activation of slag than CaO alone at the dosage of 10% by weight. 
4. GGBS activated by both activators showed similar early age compressive strengths due to 
the higher reactivity of MgO and the filler effect of CaCO3 contained in D800, while at the later age 
(after 28 days), the D1000 activated slag showed much higher strengths. While producing the same 
amount of chemically bound water in the paste, the D800 activated slag showed higher strengths. 
5. By increasing the dosage of activator, higher compressive strengths were obtained. 
Significant enhancements were observed when using D800 while only small increases were 
detected when using D1000.  
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6. The main hydration products C-S-H and hydrotalcite-like phases were observed by XRD 
and TGA. Ca(OH)2 was only detected in the D1000 activated pastes. 
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The list of captions for all tables: 
1. Table.1 Chemical compositions and physical properties of materials (from suppliers’ 
datasheet AND * using ICP-OES) 
2. Table.2 Mix compositions of GGBS pastes 
3. Table.3 pH of pore solution of activated GGBS 
4. Table.4 Chemically bound water content measured by TGA (weight loss over ignited weight 
of sample, %) 
5. Table.5 Chemical compositions and physical property of reactive MgO and PC (from 
suppliers’ datasheet) 
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The list of captions for all figures: 
1. Fig.1 XRD patterns of raw dolomite, D800 and D1000 
2. Fig.2 TG curves of raw dolomite, D800 and D1000 
3. Fig.3 Unconfined compressive strength of activated GGBS pastes 
4. Fig.4 Comparison of XRD patterns of selected samples after 28 days 
5. Fig.5 TG curves of D800-GGBS pastes after 28 days 
6. Fig.6 TG curves of D1000-GGBS pastes after 28 days 
7. Fig.7 Strengths of activated slag by using different activators. Activator dosage controlled at 
10%, w/b ratio controlled at 0.38 and all samples cured in water. 
8. Fig.8 Relation of chemically bound water content and compressive strength 
